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Abstract
The Donghai mine has been mined to -1000 meters, three mining areas share one return shaft, some laneway 
resistance values are very large, and fan air pressure reach more than 3500pa. The ventilation system is complex and 
difficult to manage. To solve this problem, the practical use of three-dimensional simulation software Ventsim in the 
Donghai mine is described in detail. Real-time air network calculation, dynamic show the direction of airflow, air 
quantity, velocity and other parameters are the basic use of ventsim, which can be scientific, accurate and fast 
simulating the ventilation status, reduction in resistance and contaminant spread. The system satisfy the requirements 
of Donghai mine ventilation management and provide a scientific and reliable data for decision-makers, which has 
improve the level of Donghai mine ventilation management.
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The basic task of the mine ventilation is to provide enough fresh air for all the using air places, dilute 
and remove all toxic and harmful gases and dust, regulate climate, to ensure workplace air quality and 
create a safe and comfortable operating environment[1]. Donghai mine has 4 mining area with lots of 
laneways, ventilation system is very complex and difficult to manage. The mine has been using two-
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dimensional mine ventilation network solution software in management which has made the ventilation 
management simple, improved the level of ventilation management. However, the simulation and analysis
of software depends on the accuracy and reliability of input data. As the network has thousands of airway 
branches, a little error in the input data will be a serious mistake in simulating. It has a problem for 
browsing and editing large-scale data. The people who are not familiar with this mine will be difficult to 
use the data which is obtained from two-dimensional mine ventilation network[2]. The designer has a 
better understanding of the complex ventilation network, but once the engineer left. His successor would 
be difficult to understand the previous design and have to give up previous work. Therefore, The Donghai 
mine has an urgent need for an analysis system which can simulate the underground ventilation system in 
real-time, graphical display laneway and help the workers to understand the status of mine ventilation in 
an intuitive way, to meet the mine growing safety management requirements. By comparing the domestic
and foreign 3D ventilation simulation system, the ventsim software was selected, which can well meet the 
requirements of Donghai mine ventilation management.
1. Introduce the Ventsim 3D simulation system
Ventsim has been designed as a ventilation tool, which can operated independently of other mine 
planning packages, but maintains a level a compatibility which ensures data from mine planning packages 
and other ventilation software can be passed to the program. The system provides a full toolbox of tightly
integrated utilities to analyse ventilation flows, heat, contaminants and financial aspects of mine 
ventilation.
The software can build true three-dimensional ventilation system and achieve great success from the 
original two-dimensional display to the present three-dimensional display, which fill the gaps in this field 
of our country’s history. Through 3D modeling and look at the model from multi-angle rotation 
observation, many confuse and difficult to understand problems which are in the two-dimensional 
graphics are easily resolved. For example, mine layer overlap in the two-dimensional graph cannot 
display laneway in the real coordinates, and the connection relationship between layers cannot be 
displayed. But now, these problems are easily solved in the 3D model. Meanwhile, the three-dimensional 
ventilation system provide a rich layer management tools to help hide network data which is not 
important in the complexity ventilation network and concisely display the emphasis data. In the 3D model, 
the user can easily set up and get the three-dimensional coordinates of any node and adjust any laneway 
section size, the three-dimensional view area will reflect what adjustments you have been taken in real 
time[3]. The software uses a visual approach to manage ventilation data. All these data can be displayed in 
the 3D view, and customized in the data table and output, and set the data range with different color 
legend through the color legend manager.
2. Mine Overview
The Donghai mine of Jixi Mining Bureau is located in Heilongjiang Province, the main shaft of 
geographical coordinates of longitude 131°10', latitude 45°21'. Main upgrading is belt inclined shaft, the 
annual production capacity is 1.3 million tons. The mine can be divided into eastern and western mining 
area, the western mining area is developing now and the eastern mining area has No.3, No.5, No.6 mining 
areas. The mine ventilation line is too long, three mining areas share one return shaft. The Donghai mine 
has been mined to -1000 meters and fan air pressure reached more than 3500pa. Mine pressure is large, 
the deformation of laneway is very serious, which lead to some laneways’ section area become smaller, 
frictional resistance become larger. The entire ventilation system resistance is very large.
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3. Build the Donghai mine 3D model
Use precision barometer basic-point mensuration to determine the main ventilation routes of four 
mining area, more than 220 points were determined. The determined method and apparatus meet the 
requirements. The obtain data are reliable, and the error precision has meet the needs.
3.1 Build 3D model
Delineate each laneway centerline on the latest Donghai ventilation system map in the AutoCAD 
software, and save AutoCAD drawings in DXF format. Then import the DXF file into the three-
dimensional ventilation simulation system and generate entity laneways. Assign the node elevation data 
which are obtained from determination to the 3D model, and complete the initial 3D model.
3.2 Assign basic data to the model, simulate current situation, to ensure basic data reliable
Assign the data of laneway cross-section shape, size, type of bracing, friction coefficient and other 
parameters which are obtained from resistance determination to the corresponding laneway, then calculate 
ventilation and simulate the actual situation of underground which is to test the reliability of basic data. 
By adjusting some branches resistance, eventually the 3D model laneway airflow speed, air quantity, 
temperature and some other parameters is basically consistent with the actual laneway underground. It is 
only have been ensured the reliability of basic data, so when the laneway airflow, heat and other factors 
change, the system will accurately simulate the changed status and analysis its impact.
Fig.1 The 3D model of Donghai mine
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4. Compare with two-dimensional ventilation software in use
When use the two-dimensional ventilation software, the ventilation system network diagram should be 
drawn at first. With the excavation face move ahead and laneway change, it is need to redraw the entire 
mine ventilation network graph and reassign the parameters to each branch, then calculate the ventilation 
network and simulate current ventilation status. The workload is large and prone to make mistake.
When use the 3D ventilation simulation system, because it has been established the mine 3D model 
which was corresponding with the actual underground laneway at 1:1 proportion and the ventilation 
calculation is just in the 3D model, so it does not need to draw ventilation network graph. As the 
underground laneway changes, it is easy to change laneway parameters or draw new laneways in the 3D 
model. When the model has been modified such as add or delete laneway or some parameters change, the 
3D model will automatically test the changes itself and re-simulate ventilation status, display the current 
data on the laneway.
In the two-dimensional calculation, many laneways have been simplified in the ventilation network 
graph, so it cannot directly get the laneway parameters and need to carefully contrast the ventilation 
system map with ventilation network graph so as to determine the parameters of some laneway. In 
Ventsim, the 3D model corresponds to the actual mine, and parameters are directly displayed on the 
laneway. Through zoom, rotate, move the model, it is easy to obtain the information which they need.
Fig.2 Part view of two-dimensional ventilation software in Donghai Mine
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Fig.3 Part view of 3D simulation system
5. Simulate the project of reduction in resistance
After measurement and data processing, it is found that the laneway cross-section small, deformed 
around the No.3, No.4, No.5 mining area return shaft, and the resistance is great, especially the 76-79 
return section which length is only 12m and resistance is 4.90900N*s2/m8, pressure drop is 649pa. 
Because it is in the No.3 biggest return airway line, so lead to a serious power loss in total return airway 
line and increase the fan pressure and electricity cost. Therefore, it is required to implement a project of 
reduction in resistance, which reduce the mine ventilation resistance and fan pressure.
Through the project team fully discussed with the mine management and the measured data processing, 
the project is to reduce some laneways with large resistance, expand some laneways’ cross-section, dug 
some new laneways which are assist to reduce the ventilation system resistance and fan power 
consumption. Specific implementation as follows: reduce some laneways resistance appropriately which 
associated with the No.3 mining total return airway and the large resistance laneways which are at the 
bottom of wind shaft.
5.1 The data of current status simulation
The large resistance airway in the current status simulation is listed in the table 1.
Table.1 large resistance branch in present situation
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Reconstructi
on place
Branch 
number
Branch Name Start node End node
Airway resistance
（N*s2/m8）
Air 
quantity
（m3/s）
Pressure drop
（Pa）
Sectional 
area
（m3）
No.3 mining 
return shaft 
underground
147 32# airway 82 79 0.0918 38.7 137.3 7.4
130 Return airway 79 77 1.3136 27.7 904.3 5
128
Return shaft 
underground
79 76 4.909 11 595.1
4
129 Return airway 76 412 0.2793 21.3 126.4 6
377 Inclined return airway 412 77 0.4 21.3 181.2 6.5
bottom of 
No.3,No.4 
and No.5 
mining 
common 
return shaft
373 Total return crosscut 150 151 0.0213 124.8 331.9 12
371
No.5 mining Total 
exhaust airway
149 150 0.2509 14.2 50.6
9
374
No.5 mining airway 
reducing resistance
149 152 0.0558 45.7 116.6
8.4
375 Return shaft 152 151 0.1273 45.7 266 19.6
370
No.5 mining Total 
exhaust airway
115 149 0.2275 59.9 816.8
9
No.6 mining 
Total return 
airway
271
No.6 mining Total return 
airway
159 155 0.2226 56.9 720.9
11
5.2 The data after reduction in resistance
Directly modify the airway attribute value in the 3D model, then simulate the status. The data after 
simulation is shown in table 2.
Table.2 After reconstruction, the branch resistance
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Reconstruction 
place
Branch 
number
Branch Name Start node End node
Airway resistance
（N*s2/m8）
Air quantity
（m3/s）
Pressure 
drop
（Pa）
Sectional 
area
（m3）
No.3 mining 
return shaft 
underground
147 32# airway 82 79 0.0818 52.1 222.0387 10
130 Return airway 79 77 0.024 26.3 16.60056 10
128
Return shaft 
underground
79 76 0.004 25.8 2.66256 12
129 Return airway 76 412 0.0148 32.3 15.44069 10
377
Inclined return 
airway
412 77 0.008 26.6 5.66048 10
bottom of 
No.3,No.4 and 
No.5 mining 
common return 
shaft
373
Total return 
crosscut
150 151 0.0113 88.2 87.90541 14
371
No.5 mining 
Total exhaust 
airway
149 150 0.003 38.8 4.51632 12
374
No.5 mining 
airway reducing 
resistance
149 152 0.006 96.2 55.52664 14
375 Return shaft 152 151 0.003 96.2 27.76332 20
No.6 mining 
Total return 
airway
271
No.6 mining 
Total return 
airway
159 155 0.1126 60.5 412.1442 11
5.3 Simulation results analysis
After the project of reduction in resistance, the simulation result is that the fan is at the operating point 
of the air quantity at 202.4m3/s and air pressure at 3321.5Pa. The air quantity is increased by 11.4m3/s, air 
pressure is reduced by 221.2pa. The operating point of No.2 mining area’s fan has not changed, due to 
separate ventilation system. The above analysis show that expand some laneways’ cross-section which 
associate with return shaft underground, dug some new laneways, adjust some air facility, reduce some 
laneways’ resistance at the bottom of return shaft, which has reduce the total ventilation resistance, so the 
project is reliable and can be implemented. Not only reduce the fan pressure of return shaft, but also 
increase air quantity and the fan operating point is still reasonable. It has little effect on the main 
ventilation laneway, so the mine ventilation will be safe and reliable after the project is taken. The project 
can be implemented in Donghai mine. 
6. The other use in ventilation management 
6.1 Real-time wind network solver, dynamic show the airflow direction, quantity, wind speed and other 
parameters
The system default uses a 3D perspective view. Even for the people not familiar with mine ventilation, 
the 3D model will look very natural and easy to understand. Every 5 seconds, the system will detect 
whether the 3D model or parameters changed, if "yes", the model will re-simulating ventilation and the 
corresponding data are display on the laneway. Each laneway has dynamic triangle which move all the 
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time indicating the airflow direction. If create a new laneway in the model, the model will immediately 
show the laneway airflow direction, quantity, wind speed and other parameters.
Around 70 different data types exist in the system, all of which may be displayed as text in the 3D 
model, in a spreadsheet or as a colour range. The system uses both a colour manager and a data manager 
control form to assist in rapid analysing and changing of on screen data, which help ventilation 
management quickly master the mine current situation.
6.2 Contaminant simulation, assist to make emergency rescue measures
The system can perform steady or dynamic contaminant simulation based on the position of 
contaminant source placed in the network. In the simulating process, the 3D model will display the 
polluted airways in different color, and dynamically display the concentration of polluted airways and its 
changes over time. Use the EDIT function to set No.3 mining area’s belt laneway has a fire disaster in 
Donghai mine, then simulating the airflow spread. By looking at the polluted laneways and its duration, 
then make the escaping route for workers[4-5]. In the 3D model, set different colors to indicate the disaster 
escaping route which is intuitive and easy to understand, so as to achieve the purpose of disaster relief.
Fig.4 Contaminant simulation in belt laneway 
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6.3 Determine the contaminant source at a specific location (e.g. fire source).
A sourcing simulation is similar to a reversed contamination simulation. It tracks airflow back from a 
placed contaminant source, and indicates the percentage of airflow which contributes to the airflow 
through the contaminant marker. This function was designed to assist in quickly identifying the possible 
locations of a fire or contaminant source (e.g. dust or production fumes) underground. As people report 
the status of air from different locations (for example smoky air or clear air), the simulation will colour 
airways upstream and downstream as either smoke (red), blue (clear) or yellow (possible smoke source). 
As more reports are received, the yellow possible smoke source areas will decrease and the location of a 
fire or contaminant source can be narrowed.
6.4 Fan selection and anti-wind simulation
When the mine ventilation network structure, the resistance of laneways, the amount of wind for each 
workface and the location of airshaft have been determined, how to choose the type of fans, which can 
not only meet the air flow requirements, but also make the fan work at reasonable conditions, minimum 
power consumption. When the fan blade angle adjustment, how it affects the entire ventilation system.
The system contains the most commonly used fan databases, which can add a new fan data and 
automatically generate the fan curve. As the three-dimensional model’s laneway length, cross-section 
shape, friction coefficient and other parameters correspond with the actual underground laneway, so when 
the system simulating the underground ventilation, it will most realistic response underground situation. 
Select different fan and blade angle from the database to simulate, view the fan operating point, and 
ultimately by comparison, to select the most suitable fan and blade angle and achieve the most 
satisfactory results.
Based on "Coal Mine Safety Regulations", the mine should check anti-air facilities at least every 
quarter and carry out anti-air exercises once a year; when the mine ventilation system has been significant 
changed, one anti-air exercise should be taken. Conduct the anti-wind simulation in 3D model is very 
simple. When laneway changed, simulating anti-wind situation in the model at first and it would find 
problems immediately. Then in the actual mine anti-wind process, the problem places which have been 
found in simulation were be emphasis detected.
6.5 Detect recirculation
Uncontrollable recirculation often easily lead to accumulation of heat and toxic gas, which prone to 
accident. In the Donghai mine actual production, the ventilation management should not only understand 
the existence of circulating air throughout the mine, but also to know the amount of circulating air. In 
order to focus on monitoring, prevent accidents. Actual production in the East China mine ventilation 
management to understand not only the existence of circulating air throughout the mine, but also to know 
the amount of circulating air to focus on monitoring, prevention of accidents. The system uses a custom 
algorithm to track the paths and recirculated portion of every airflow throughout a mine, and report where 
airflow may recirculate. To prevent trivial reporting of recirculating air, a default tolerance of 1m3/s or 
0.1% recirculation is used. These limits can be changed in the settings form. Recirculating airflows are 
shown as ‘flashing airways’ in the 3D model.
7. Maintenance of 3D model
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The Donghai mine used the two-dimensional ventilation software in the last few years. When laneway 
changed, the mine ventilation network map should be redraw and set all the laneways attribute value 
again, which require the management with a high level of knowledge[6]. The Donghai Mine used to 
maintain and update the system by related research institutions, which was expensive and not timely.
In designing the 3D simulation system of ventsim, the engineer has fully taken the user experience into 
account, so the operation is extremely simple. When the mine laneways has changed, just modify the 
corresponding laneways in the 3D model, the system will automatically detect the laneway changed and 
simulate ventilation again, so the workload is small[7]. After a short training course, the mine ventilation 
officers can maintain the 3D model by themselves. It is not only reduce the cost of maintenance greatly, 
but also timely response the conditions of mine underground.
8. Conclusions
With the problems of Donghai mine ventilation system is complex and very difficult to manage, the 
No.3 mining area resistance is too large, the use of 3D simulation system in Donghai Mine was 
introduced in detail. Through 3D modeling, the mine laneways’ complex relationship was intuitive 
unfolded. Dynamic display the airflow direction, air quantity and other parameters, which assist air staff 
to quickly grasp the status of the underground and take corresponding measures. Simulating reduce 
resistance program has provide a reliable scientific data for construction. Contaminant Simulation, 
optimal economic crosscut selection, thermal simulation and other functions in the system has further 
enhance the ability of mine ventilation management and save lots of ventilation expense. The system has 
the ability of scientifically, accurately and fast simulate current ventilation status, modification scheme 
and long-term mine ventilation planning, which has satisfy the demand of Donghai mine ventilation 
management and worth promoting in mine ventilation management.
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